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$(X, Y, Z)$ $(X_{e}, Y_{e}, Z_{e})$
$(\begin{array}{l}X_{e}Y_{e}Z_{e}\end{array})=(\begin{array}{lll}-sin\theta cos\theta 0sin\phi cos\theta sin\phi sin\theta -cos\phi-cos\phi cos\theta -cos\phi sin\theta -sin\phi\end{array})(\begin{array}{l}X-X_{f}Y-Y_{f}Z-Z_{f}\end{array})$ (1)
( )


























$E_{1},$ $E_{2}$ , $E_{3}$ $E_{3}$ $E_{1}$ $\phi,$ $E_{3}$ $E_{2}$
$\theta$ $E_{2}$ $E_{3}$ $=|E_{3}|\cos\phi,$ $E_{2}$
$E_{3}$ $=|E_{3}|\cos\theta$ $\phi<\theta$







$($ $3(f))$ . (
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$2\cross 2\cross 2$ $($ $3(g))$
2(a) 0,2,6,8,18,20,24,26 8
$o\sim 7$
8 $($ $2(b))$ .
2(a) 13 (b) 8
3 C
$3DCG$ Visual C$++6.0$ $C$
$arrow$ C$++arrow$ Visual $C++6.0$ 22
18 C
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void CRubic: : RotateCubes ( Fstep step, int d);
void CRubic: : SetNewState ( Fstep step);
step $d$ step $0$
$\sim 90$ $d$ 1 1 $0$ 90 $0$
SetNewState step













$\nu_{i}$ ( $i$ )
$120^{o}$
$i$ $\nu_{i}=0$ , $||\dagger|$ $120^{o}$
$\nu_{i}=1$ , $120^{o}$ $\nu_{i}=-1$
$360^{O}$ $3=0$
$120^{o}$ $240^{O}$




$0_{J}A\cross i_{S})(-1$ 0,$AxisY,-1$ $0_{\mathbb{A}}A\cross isZ1$

























$\nu_{i}$ $-1$ }$\ovalbox{\tt\small REJECT}_{i}=0$
1. [ ] ([6]) $Z_{3}$ 8
$0$ : $\sum\nu_{i}=$ Omod3.
5.2 $2\cross 2\cross 2$
$2\cross 2\cross 2$
$G_{2}$ $2\cross 2\cross 2$ $\mathfrak{S}_{n}$ $n$
3 $Z_{3}$ 1, $\cdots,$ $8$ $A$
1, $\cdots,$ $8$ $\sigma_{A}(1),$ $\cdots,$ $\sigma_{A}(8)$
$\sigma_{A}=(\begin{array}{lll}1 \cdots 8\sigma_{A}(1) \cdots \sigma_{A}(8)\end{array})\in \mathfrak{S}_{8}$
$A$
$\mathfrak{S}_{8}$ $(Z)^{8}$ :
$\sigma(\nu_{1}, \cdots, \nu_{8})=(\iota \text{ _{}\sigma^{-1}(1)}, \cdots.\iota$ $\sigma- 1(8))$
2. $\sigma,$ $\tau\in \mathfrak{S}_{8},$ $\mu\in(Z)^{8}$
$(\sigma\tau)\mu=\sigma(\tau\mu)$ .
$l^{r,=}(l^{x_{1}}, \cdots. l^{4,8})$
$(\sigma\tau)\mu$ $=$ $(\mu_{(\sigma\tau)^{-1}(1)}, \cdots, \mu_{(\sigma\tau)^{-1}(8)})$
$=$ $(\mu_{\tau^{-1}\sigma^{-1}(1)},$ $\cdots,$ $\mu_{\tau}1_{\sigma^{-1}(8))}$
157
$\nu$ $=$ $(\nu_{1}, \cdots, \nu_{8})$
$=$ $\tau\mu=(\mu_{\tau^{-1}(1)}, \cdots, \mu_{\tau^{-1}(8)})$
$\nu_{i}=\mu_{\tau^{-1}(i)}$ .
$\sigma(\tau/\iota)$ $=$ $\sigma\nu=(\nu_{\sigma^{-1}(1)}, \cdots, \nu_{\sigma^{-1}(8)})$
$=$ $(\mu_{\tau^{-1}\sigma^{-1}(1)}, \cdots, \mu_{\tau^{-1}\sigma^{-1}(8)})$
$=$ $(\sigma\tau)\mu$ .
$(Z_{3})^{8}$ $\{(\nu_{1}, \cdots, \nu_{8})|\sum\nu_{i}=0\}$ $(Z_{3})^{7}$






$\nu_{A}=(\nu_{A}(1), \cdots, \nu_{A}(8))\in(Z_{3})^{7}$ .
$\nu_{A}(i)$
$\nu_{A}(i)=$ ’ $A$ $i$
$A=(\sigma_{A}, \nu_{A})\in \mathfrak{S}_{8}\cross(Z_{3})^{7}$ $A$ $B$
$BA$ $AB$
$BA$ $A=(\sigma_{A}, \nu_{A}),$ $B=(\sigma_{B}, \nu_{B})$
$BA$ $\mathfrak{S}_{8}\cross(Z_{3})^{7}$
$\nu_{BA}(i)$ $=$ $\nu_{BA\sigma(i)};\sigma_{BA}-\nu_{i}=\iota \text{ _{}BA;\sigma_{B}\sigma_{A}(i)}-\iota \text{ _{}A;\sigma_{A}(i)}+\int \text{ _{}A;\sigma_{A}(i)}-\nu_{i}$
$=$ $\nu_{B}(\sigma_{A}(i))+\nu_{A}(i)=(\sigma_{A}^{-1}$ l $B)(i)+\nu_{A}(i)$ .
$(\sigma_{B}, \nu_{B})(\sigma_{A}.\nu_{A})=(\sigma_{B}\sigma_{A}, \sigma_{A}^{-1}l$ $B+\nu_{A})$ , (3)
$(\sigma_{A}, \nu_{A})^{-1}=(\sigma_{A}^{-1}, -\sigma_{A}\nu_{A})$ (4)
$\mathfrak{S}_{8}\cross(Z_{3})^{7}$ $\mathfrak{S}_{8}$ $(Z_{3})^{7}$
$\mathfrak{S}_{8}\ltimes(Z_{3})^{7}$
3. [ $G_{2}$ ]
$G_{2}=\mathfrak{S}_{8}\ltimes(Z_{3})^{7}$ .
2 $\cross$ 2 $\cross$ 2














22 12 4 ( ) 11 ( )
:N
LVl $1\sim 4$ :ZXCV
LV2 $1\sim 4$ :ASDF
LV3 1 $\sim$6 :QWERTY
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